The natural advantages of the rat as an experimental animal have made it worth while to establish reliable methods for the estimation of renal function in this species. In 1942, two of the present authors presented a method using inulin and diodrast which gave reproducible results and was of value in comparative experiments, although admittedly cumbersome (1).
blood taken by heart puncture.
The hematocrit was determined and a sample of blood analysed directly.
The remaining blood was then centrifuged and the supernatant plasma analysed. The precipitated red cells were washed with isotonic saline until the washings were free of PAH.
The cells were then laked and analysed for their PAH content. Table 1 shows that the plasma level of PAH can be calculated accurately from the whole blood analysis if the hematocrit value is known.
PAH as the aqueous solution of the sodium salt was then injected into normal rats.
The desired doses, 30 to 100 mgm., were prepared by diluting the clinical 20 per cent solution in 2 per cent sodium sulfate so that the required amount was contained in 4 cc. This quantity was injected subcutaneously and successive small samples of tail blood were analysed, 0.1 cc. of blood being used for the determination.
Hematocrit values were determined at varying times in each experiment.
As a final precaution, the PAH content of the final tail blood sam- ple was compared with that of heart blood obtained at the same time. Curves of this type and in this range were constructed for 14 adult male rats. As shown in figure 1 , the 40 mgm. dose yields a steady plasma level. In this case, the value at 52 minutes was 5.2 mgm. per cent, while the calculated average for that period was 5.3 mgm. per cent. Doses above 40 mgm. cause the plasma level to rise to a maximum within approximately 30 minutes and then to fall. With smaller doses the peak level is reached more rapidly.
Apparently, with doses above 40 mgm. the hippurate enters the blood faster than it can be cleared by the kidneys. Thus, where the dose of PAH administered is of a size to produce a pronounced maximum in the curve, the end point plasma value may not represent the mean. Although the plasma concentration falls less rapidlyafter 60 minutes, clearance determinations based on end point values obtained even beyond this time still deal with a rapidly falling curve. On the other hand, repeated curves obtained from animals given a 40 to 50 mgm. dose showed that a plasma sample taken 50 minutes after injection was representative of conditions existing over the entire period.
These data indicate that the renal saturation level for PAH lies in the neighbourhood of 6 mgm. per cent. No variation in hematocrit was noted despite the repeated small bleedings and there was close agreement between the last tail To ascertain the dose of PAH necessary to yield correct plasma levels 50 minutes after injection in different size animals, a large series of determinations was carried out. The data are summarised in figure 3 . The plasma concentration 50 minutes after injection is almost linearly proportional to the dose adminis- obtained from the whole blood value by calculation, and that 2, in view of the small size of the sample, the necessity for yeast treatment to remove fermentable sugars could be avoided. It was expected that no inulin would enter the red cell. Thus, assuming a hematocrit of 50 per cent (normal for the rat) the plasma concentration should be twice that of the blood. A series of animals was studied to satisfy this assumption.
Inulin was injected, a blood sample taken, and the inulin content of both blood and plasma determined. Table 2 presents typical data, and shows that the whole blood concentration obtained by analysis is directly convertible to the plasma value providing the hematocrit remains unchanged.
In the analysis of whole blood it was found that the inulin content could be estimated without yeast treatment by subtracting a blank blood value obtained from the same animal before the administration of inulin. Indeed, a calibration curve for inulin in blood differed from the aqueous curve only by the blank value of the particular blood used to establish the curve ( fig. 4 ). Investigation of a series of normal animals showed that this blank value was fairly uniform.
A 2 per cent solution of inulin in saline was then prepared, adsorbed on charcoal while hot, and filtered hot through a Seitz EK disc. Three cubic centimeters (60 mgm.) of this inulin solution were injected intraperitoneally to insure uniform and rapid absorption into the blood stream.
In our experience inulin The typical plasma concentration curves for a series of anirnals are shown in figure 5 . From a study of such curves it appeared that the intraperitoneal injection of this amount of inulin yielded a plasma concentration which increased smoothly for at least 50 for that period minutes.
The mean value of the corresponded closely to two-thirds sis of a sample taken at 50 minutes.
inulin concentration in plasma of the value obtained by analy- Fig. 4 . The calorimetric reading of inulin in blood is the sum of its inulin content plus the blank value for whole blood.
The clearance of inulin and PAH.
It became increasingly clear that for the determination of both inulin and PAH clearances, an experimental period extending for 50 minutes from the time of injection was an eminently suitable arrangement.
Not only are the plasma concentrations reasonably steady, but in addition, the necessity of draining the bladder at the start of the period is eliminated.
This diminishes the hazard of incomplete urine collection. Based on this, a series of clearance determinations were carried out in normal male rats.
Although the clearance of inulin and PAH were determined simultaneously, for convenience in discussion they will be separatelv presented.
a. The clearance ctf inulin. The clearance of inuYlin, C&, was investigated in 60 adult rats.
The average values obtained were plotted against the plasma concentration, which ranged from 30 to 60 mgm. per cent. The inulin clearance was independent of plasma level in the range investigated; the average value for GIN when the plasma concentration was 31-40 mgm. per cent was 0.72 cc./100 grams/min., when 41-50 mgm. per cent, 0.75 cc., and when 51-60 mgm. per cent, 0.70 cc. In these experiments urine flow was not excessive, averaging 0.5 to 0.7 ct./hour, and inulin clearance was independent of the rate of urine flow. b. The clearance of PAH. According to the classical work of Smith and his co-workers (7,s) the clearance of a substance which is wholly removed from the plasma during one passage through the kidney measures the renal plasma flow. The clearance of this substance will be independent of its concentration in the plasma providing this does not exceed the capacity of the tubules. When the plasma concentration exceeds the saturation level of the tubules, further excretion becomes referrable only to filtration, and the clearance is depressed.
In figure 6 the clearance of PAH, &AH, is plotted against the 50 minute plasma concentration.
The data were obtained from the same 60 animals discussed above. It is evident that the clearance is independent of plasma level where this is not less than 4.5 mgm. per cent nor more than 7 mgm. per cent. The tubular excretion, T, of a test substance is the minute urinary output of that substance less the amount excreted by filtration.
In calculating T, since the water content of plasma, W, is relatively constant concentrations at about 0.9, it under discussion 1s a taken as unity.
Similarly, for those plasma negligible error is introduced by considering the freely filterable fraction of PAH, F, to be constant at 0.8 (4) .
Once the tubules are saturated, T becomes a constant, Tm, which reflects the amount of functional excretory tubular tissue.
As shown in figure 7 the saturation level, where T becomes a constant, is again 5 to 7 mgm. per cent. Beyond 7 mgm. per cent a secondary rise in T is observed. This is expected, since no correction was made for the change in F as the plasma concentration increased.
Moreover, above tubular saturation the curve of plasma concentration for the period is humped and the 50 minute plasma level used in the calculation of T is lower than the actual mean plasma concentration for the period. It is important, therefore, in the study of clearance values in normal animals that the terminal plasma level of PAH lie within a restricted range, if values derived are to have absolute as well as relative meaning.
Procedure for the simultaneous determination of inulin and PAH clearances in large series. In designing a clearance procedure applicable to the study of large Each point is the series of animals the method should be as simple as possible.
To effect this the inulin and PAH analyses were modified so that they could be carried out simultaneously as far as possible.
The animal and analytical procedures were as follows. In calculating the normal clearance values obtained where the terminal PAH level is between 5 and 7 mgm. per cent it was observed that renal function did not increase in direct proportion to body weight, so that expressing results in terms of 100 grams yielded lower values for larger animals, as seen in table 3. This difference disappeared ;'f the results were corrected according to kidney weight using the formula of Braun Menendez (9) . The formula, y (kidney weight) = 2.06 x (body weight) + 277, is in reality only a special case of the general power formula y = a~~, where a and b are constants; kidney weight is actually a function of surface area. Meeh's application of the power formula to surface area in the rat, Y(cm2) = 11.23 weight 2'3, was applied to the data and table 3 shows the identity of values obtained for the two series of animals when the data were recalculated for 100 cm2. In the original attempt to apply the inulin and diodrast clearance methods to the rat the importance of a representative plasma sample was recognized. A clearance period of one hour was used and a mid point blood sample obtained. Since one hour had been allowed for equilibriation of the test substance before beginning the clearance period it was felt that the slope of fall of the plasma level during the second hour would be uniform and a mid point sample would accurately represent the mean. While consistent results were (3) has studied the clearance of PAH in the rat and arrived at certain interesting conclusions.
His method is open to considerable criticism, however, in the light of the present findings.
For example, he studied the clearance of 100 mgm. of PAH in the hour following subcutaneous injection.
This amount gives a markedly humped plasma curve and is well above the saturation limit.
We cannot but feel that the ensuing end point plasma levels, as published, are essentially meaningless.
Dicker and Heller reported no variation in the inulin clearance with urine flow in the range studied.
The present observations confirm these findings for low rates of urine formation (up to 0.75 cc./hr.).
On the other hand, both Friedman (3) and Braun Menendez and Chiodi (10) have shown an increase in the inulin clearance with higher flows.
Estimates derived from Friedman's data indicate that C PAH is actually increased by the excessive hydration, and this increase in renal plasma flow would seem the obvious explanation for the increased glomerular filtration rate observed. It does not seem over-cautious to assume that urine flow rates exceeding 1 cc. per hour involve far reaching changes in renal hemodynamics which invalidate any attempt to interpret the clearance values obtained.
The clearance data of Braun Menendez and Chiodi are especially interesting. Their data are complicated by the presence of hydration since they were interested in this particular feature, but, in general, using a technique similar to that of Dicker and Heller they obtained values for GIN and TmD of the same order as those here presented.
Similarly, CD was comparable to the normal value here given for CPAH when urine flow was of similar magnitude and plasma diodrast did not exceed 3.5 mgm. per cent iodine.
In the present series the normal renal plasma flow, CPAH, is higher than that previously reported and the C pAn/TrnpAH ratio higher than in any other species yet studied.
It is not unexpected that this should be so when, for example, the normal pulse rate in the rat is approximately 300 per minute (11) when compared with 70 for man. 
